Regulation of ADSC Osteoinductive Potential Using Notch Pathway Inhibition and Gene Rescue: A Potential On/Off Switch for Clinical Applications in Bone Formation and Reconstructive Efforts.
Although there has been tremendous research in the ability of mesenchymal-derived adipose derived stem cells (ADSCs) to form bone, less is known regarding the molecular mechanisms that regulate the osteogenic potential of ADSCs. Notch, which consists of a key family of regulatory ligands involved in bone formation, is expressed in the bone marrow-derived mesenchymal stem cell niche and is critical for proliferation, migration, and ultimately osseous differentiation. The authors investigate how Notch impacts ADSC proliferation and osteogenic differentiation to determine a translatable application of these cells in bone regeneration. Enriched ADSC populations were isolated from tissue and examined for their ability to respond to Notch pathway signaling events. Proliferation, viability, extracellular matrix deposition, and osteoinduction were assessed following Notch activation and inhibition. Notch pathway rescue was conducted using a lentiviral vector encoding a downstream Notch-1 intracellular domain (NICD). Proliferation, osteogenic induction, and the ability to form bone elements were reduced following Notch inhibition (p < 0.05). However, ADSCs, while in the presence of the Notch inhibition, were able to be rescued following lentiviral transduction with NICD, restoring osteogenic potential at both the molecular and cellular functional levels (p < 0.05). These data suggest a potential translatable "on/off switch," using endogenous Notch signaling to regulate the proliferation, differentiation, and osteogenic potential of ADSCs. Although Notch inhibition reduced ADSC proliferation and down-regulated osteoinduction, targeted gene therapy and the delivery of the downstream NICD peptide restored bone formation, suggesting pragmatic clinical utility of ADSCs for bone regeneration.